Introduction
Recently, many studies have confirmed that ultraviolet (UV) radiationsbecome harmful for human health, especially after the thinning of the ozone layer, which caused severely negative effects on the human eyes. They also damagethe DNA molecules in the skin cells and whichlead to a skin cancer, as well as other effects such as immune system [1] [2] [3] [4] [5] . In addition, UV radiations have degradation effects on many materials such as textile's dye, polymers, medical and semiconductor equipment [6, 7] . Therefore, great research efforts have beendedicatedto developing the UV shielding materials which could be used in the UV blocking applications such as sunscreens, UV protecting coatings, optical filters,etc [8] [9] [10] [11] [12] .
Several researches have been done on the poly (methyl methacrylate) (PMMA) as a thermoplastic material for UV-protection due to its transparency in the visible region. Nevertheless, its application is limited not only at higher temperature due to its poor thermal stability, but also due to its relatively resistant for UV light. The combination of PMMAmatrixwith inorganic materials (i.e, metal oxides) such as CeO 2 [13] , TiO 2 [14, 15] ,ZrO 2 [16, 17] , ZnO [18, 19] and silica [20] , are resulting in new and often unique properties.Among of them,the thermal stabilityand optical properties in the UV-rays region are improved. Nowadays, the metal T HE TARGET of this work is to choose a suitable nanoparticle for preparing a highly ultraviolet (UV)-shielding from poly (methylmethacrylate) (PMMA) nanocomposites at low concentration and to decrease the destructive effects of UV radiation. Morphologies of the synthesized nanoparticles were investigated by X-ray diffraction (XRD), scanning and transmission electron microscopy (SEM and TEM). Whereas, pure PMMA and its nanocomposites were characterized by using dynamic mechanical analysis (DMA), tensile testing, UV-visible spectra (T%), and thermogravimetric analysis (TGA). The obtained results showed a good correlation between the tensile properties, DMA and TGA analysis depending on the type of nanoparticles used in the PMMA matrix, especially in case of ZrO 2 and ZnO. Furthermore, UV-vis spectra were analyzed ranging from 200 nm to 800 nm. It showed that UV radiation is significantly blocked from 100% to 0.2 % in the UV range between 200 nm and 360 nm for pure PMMA and to 0.08 % for PMMA/CeO 2 nanocomposite and to 0.01 % for PMMA/ CeO 2 with various types of nanoparticles. After 360 nm, pure PMMA and PMMA/CeO 2 were a little bit affected by UV lights, whereas the PMMA based on different nanoparticles was not affected. This result demonstrates that these nanocomposites could be strongly candidates for the sunscreens or for several fields that related to the UV photodegradation effects.
Keywords: Nanoparticles, PMMA nanocomposites, X-ray diffraction, UV-visible spectra, tensile properties, Thermogravimetric analysis. ) (< 25 nm) and Zirconium oxide (ZrO 2 ) nanopowders (particle size<100 nm)were purchased from Sigma-Aldrich, Egypt. The silica nanopowder (primary particle size 12 nm measured by TEM) with assay 99.8% was purchased from Sigma-Aldrich, Egypt. Other reagents which used in synthesis of ZnO and TiO 2 and Ag doped in TiO 2 were obtained from Merck, Germany.
Preparation of TiO 2 nanoparticles (TiO 2 -NPs)
In classic method TiO 2 -NPs was prepared using TTIP as a precursor and was mixed with HCl, ethanol and de-ionized water mixture, stirred for 2 h, in pH at 1.5. Then 10 ml of deionized water was added to the above mixture and stirred for another 2 h at room temperature. Finally, the solution was dried in electrical oven and the powder was heated at 120ºC for 1 h.
Synthesis of TiO 2 nanoparticles doped silver (AgTiO 2 NPs)
Ag-NPs doped TiO 2 nanoparticles were prepared through photo-reducing Ag + ions to Ag metal on the TiO 2 nanoparticle surface via the following method [23] . First pH of the TiO 2 nanoparticle suspension was adjusted to 3.5 taking place to reaction using perchloric acid. Aliquots of different amounts of Ag + ions, set by dissolving silver nitrate salt (AgNO 3 ) in deionized water, were added into the suspension of TiO 2 nanoparticles such that the Ag + concentration was 5% in relation to TiO 2 nanoparticles.The mixtures were then exposed to irradiation using UV light by four mercury lamps (8 W) for 6 h with constant air stream. The suspensions were then filtered, washed and dried to give Ag doped TiO 2 nanoparticles.
Preparation of ZnO Nanoparticles
In order to prepare ZnO-NPs, standard solution of Zn(CH 3 COO) 2. 2H 2 O (0.2 M) was prepared in 50mL methanol with stirring. To this stock solution 50 mL of NaOH (0.5M) in methanol was added with continuous stirring in order to reach the pH value of reactants between 8 and 11. The solution was transferred into Teflon lined sealed stainless steel autoclaves and stored at various temperatures in the range of 100 to 200 o C for 6 and 12 h under autogenous pressure. It was then allowed to cool naturally to room temperature. After the reaction was completed, the resulting white solid productwas washed with methanol, filtered and then dried in a laboratory oven at 60 o C for 12h.
Melt blending of PMMA and its nanocomposites
The nanocomposites PMMA, CeO 2 and nanoparticles with fixed 2 wt. % content for each one were prepared by melt blending method at 200°C in Brabender Plasti-Corder, USA with a speed rate 80 rpm for 15 min for each specimen. Where, the polymer and stearic acid were firstly added into the mixing chamber for 3 min and then 2 wt. % of CeO 2 introduced to the mix, followed by 2 wt. % of each nanoparticle for a total mixing time of 15 min. Composition and codification of the investigated specimens are shown in Table 1 .
Characterization Methods

Morphology of synthesized nano-particles
The morphology of the synthesized nanoparticles was characterized by transmission electron microscopy (TEM), scanning electron microscopy (SEM) and X-ray diffraction (XRD) techniques. The XRD patterns investigations of the prepared nanomaterials were carried out on a Diano X-ray diffractometer using CoKα radiation source energized at 45 kV and a Philips X-ray diffractometer (PW 1930 generator, PW 1820 goniometer) with CuK radiation source (λ=0.15418 nm). The basal spacing (dL) was calculated from the (001) reflection via the Braggs equation. The surface morphology of prepared nanomaterials were analyzed using scanning electron microscopy (SEM), (JSM 6360LV, JEOL/Noran). The nanostructure of the prepared nanomaterials was elucidated by JEOL JEM-1230 transmission electron microscope (TEM) with acceleration voltage of 80 kV. The microscopy probes of the nanomaterials was prepared by adding a small drop of the water dispersions onto a Lacey carbon film-coated copper grid then allowing them to dry in air.
Dynamic mechanical analysis (DMA)
The DMA analysis was conducted on TA Instruments (Model Q800, TA Instruments, USA) from 30 ºC to 170 ºC at a heating rate of 5 K/min, and at a frequency of 1 Hz in the tension mode and with a % strain of 0.02. Sample size was 30 ×6×2 mm 3 .
Mechanical properties
The tensile properties of pure PMMA and its nanocomposites were determined on sheets ofdimensions 100 × 100× 2 mm 3 . Type 2 dumbbell testsamples were die-cut from the molded sheets. The tensile strength at maximum and elongation at break were determined using a Zwick (Germany) tensile testing machine (Model Z010), at a temperature of 23 ± 2°C and a crosshead speed of 5 mm/min according to ASTM D 638. The standard uncertainty was calculated fromfour measurements for each sample.
UV-visible spectra
The UV-vistransmittancespectra of the pure PMMA and its nanocompositeswas conducted using a Hamamatsu mini spectrometer model C10082CAH with CCD of spectral response 200-800 nm image sensor. The transmittance (T%) was calculated using equation1 as follows:
Where: I 0 is the intensity of the deuterium lamp passing through air, I is the intensity of the same lamp passing through each sample.
The uncertainty value for transmittance was calculated for ten measurements of each sample.The setup shown in Fig.1 for measuring the transmittance consists of mini spectrometer mentioned before, sample holder, UV-Visible source, and computer with a program to collect the output data.
Thermogravimetric analysis (TGA)
The TGA analysis for pure PMMA and its filled nanocomposites was carried out on the TGA-50 (Shimadzu Thermogravimetric analyzer,Japan) using a heating rate of 10 ºC/min in a nitrogen atmosphere.
Results and Discussion
Morphology of the nanoparticles
The morphology of the synthesized
nanoparticles was characterized by transmission electron microscopy (TEM), scanning electron microscopy (SEM) and X-ray diffraction (XRD) techniques. The Ag-TiO 2 -NPs nanocomposites were demonstrated using XRD to determine the phase structure of the samples. Figure 2a displays the XRD pattern of TiO 2 nanoparticles doped by Ag-NPs, the pattern can be assigned to the diffraction of (111), (200), (220), and (311) planes of face centered cubic (fcc) Ag-NPs, which are noticeable with Ag in Fig. 2a . Correspondingly, this pattern establishes that additional peaks appear, which can be ascribed to the anatase phase of TiO 2 signifying that the formation of TiO 2 -AgNPs nanocomposites, and this is correlated with SEM and TEM observations. Moreover, the TEM studies were carried out to examine the surface morphology of information on the TiO 2 -Ag-NPs nanocomposites. The common morphology of the TiO 2 nanoparticles doped Ag is detected in Fig.2b dispersion of Ag-NPs on the surface of TiO 2 -NPs which is uniform and comprises unequal designed particles which are the accumulation of small crystals.
XRD patterns of the prepared ZnO-NPs were plotted in Figure 3d . The data were collected using 2Ɵ range from10 o to 80 o and completely the characteristic peaks of ZnO-NPs appear (100) than ZnO and the ZnO nanoparticles) is established using TEM, in which ZnO nanoparticles appear as spherical shape with particle size around5-9 nm as shown in (Figure3e). Figure 4 (a and b) shows the storage modulus (E') and the damping, tan δ obtained as a function of temperature for pure PMMA and its nanocomposites at various types of nanoparticles. As shown in the figure, there is no effect on the E' and tan δ with the introduction of 2 wt.% of CeO 2 content as compared to pure PMMA. Upon the addition of 2 wt.% nanoparticles, the E' values at the glassy region significantlyincrease in the following order: silica ≤ Ag-TiO 2 NPs < ZrO 2 < ZnO, demonstrating the reinforcing effect of these nanoparticles and the competition of their chemical reactions with the investigated polymer. Moreover, in Figure 4b , the tan δ and the glass transition temperature (T g ) values are gradually shifted to higher temperaturein the same order from 134°Cto 145°C as compared to pure PMMA and PMMA/CeO 2 nanocomposite.This shift in T g values is apparentlyascribed to the restrictions of the polymer chain mobility, which might be caused by the presence of new crosslinkingnetworks formed either via the chemical bonds or the hydrogen bonding or bothwith the addition of those nanoparticles [16, 24, 25] , particularly in case of ZrO 2 and ZnO.
Dynamic mechanical analysis
Mechanicalproperties
The tensile properties, as tensile strength at maximum and elongation at break for pure PMMA and its nanocomposites with various types of nanofillers, have been determined and the results are summarized in Table 1 . The tensile strength of pure PMMA is 30.6 MPa, but its value increased a little bit to 31.2 MPa on adding 2 wt.% of CeO 2 filler. Upon the addition of 2 wt.% of different nanoparticles into PMMA, the tensile values of PMMA nanocomposites are increased to 32.1 MPa, 33.7 MPa, 45.2 MPa, and 48.4 MPa for PMMA/silica, PMMA/Ag-TiO 2 NPs, PMMA/ZrO 2 , and PMMA/ZnO, respectively. The enhancement in the tensile strengthmay be due to the formation crosslinking networksafter introducing these nanoparticles, especially in case of ZrO 2 and ZnO, in addition to the hydrogen bonding interaction between the stearic acid in the polymer matrixand the nanoparticles. This fact illustrates the better interaction between PMMA matrix and these two nanofillers. The correlation between thetensile values(static test) and DMA data (dynamic test), which are presented above, is observed in terms of the effect of type of nanoparticle on the polymer matrix [26] .On the other hand, the elongation at break is increased from 7.5% for CeO 2 to 10.7% for ZnO as compared to unfilled PMMA (6.9%), as shown in Table 1 . This increase is probably due to the hydrogen bonding formed which can be easily broken under high strength and renders the nanocomposite more ductile rather than the pure polymer [16] .
UV-visible spectra
The UV-vistransmittance spectra (T %) of the pure PMMA and its nanocomposites at various types of nanoparticles from 200 nm to 800 nm, is shown in Figure 5 . The study of T % is divided into three parts to show the effect of nanoparticles on the UV-shielding at lower filler content: the first one is done for pure PMMA, the second for PMMA/CeO 2 (2 wt. %) nanocomposite, and the third one for PMMA/CeO 2 with different types of nanoparticles as seen in Table 1 . Figure 5 shows thatfor pure PMMA, UV radiation is blocked from 100% to 0.2 % in the UV range between 200 nm and 360 nm and for PMMA/CeO 2 nanocomposite to 0.08 % and for PMMA/CeO 2 with various types of nanoparticles to 0.01 %. Correspondingly, Aklalouch et al. [27] have been reported that PMMA/ 30% CeO 2 nanocomposite provided a good UV-protection, while pure PMMA or PMMA/2% CeO 2 nanocomposite showed an excellent UV-shieldingin our case, this may be due to the presence of stearic acid in the matrix which plays a significant role in UVinhibition.Whereas, the effect of UV radiation increases after 360 nm in case of pure PMMA and its nanocomposite based on CeO 2 , this may be due to the photodegradation of the PMMA matrix . However, the peaks of polymer based on different types of nanoparticles seem remaining in prolong of UV range, as shown in Figure  5 .This confirms the strong chemical interaction, i.e, crosslinking network formations between the polymer and these nanocomposites occurred, and aren't affected by UV lights. On the other hand, the visible light is also affected gradually by pure PMMA and its nanocomposites because of theirtranslucidity, as shown in Fig.5 . Therefore, it can be said that all UV light are blocked with these nanocomposites and with long period but unfortunately it affects the optical transparency. Thus, these nanocomposites could strongly beconsidered candidates in the sunscreens and inthe medical equipment.
Thermogravimetric analysis (TGA)
TGA curves of all the investigated nanocomposites under nitrogen atmosphere are shown in Fig. 6 . The pure PMMA shows onestep in which it degrades around 350°C and without remaining residue. On addition of 2 wt.% CeO 2 filler content, the thermal stability of PMMA improved by 9°C at the temperature steadily (T 0.5 , designated as 50 wt.% weight loss) as compared to pure polymer. Upon addition of 2 wt. % of different types of the nanoparticles to the PMMA/ CeO 2 nanocomposite,T 0.5 increases to 363°C, 366°C, 367°C, and 368°C with adding silica, Ag-TiO 2 NPs, ZrO 2 , and ZnO nanoparticles, respectively, indicating an enhancement of the thermal stability of PMMA nanocomposites. This enhancement in the thermal stability may be due to the formation of networks (i.e, via the chemical bonds)between the PMMA polymer and these inorganic moieties, which retard the thermal degradation of PMMA matrix at high temperature.
Conclusion
The purpose of the present work is to investigate the effect of different nanoparticles on UV-shielding properties of PMMA nanocomposite:
1. The nanocomposites of PMMA with various nanoparticles are prepared using the melt compounding method.
2. Characterization of the studied nanoparticles by TEM, SEM and XRD has revealed that Ag-NPs are dispersed on the surface of TiO 2 -NPs which is uniform and comprises unequal designed particles.
3. The presence of Ag-NPs is confirmed by XRD technique. On the other hand, XRD patterns of the prepared ZnO-NPs has pointed out that high purity of ZnO nanoparticles are synthesized. This is also confirmed by TEM.
4.
DMA results show a significant enhancement in the storage modulus in the glassy region and T g values are shifted to higher temperature by adding 2 wt% of nanoparticles, particularly in case of ZrO 2 and ZnO, to PMMA.
5. The tensile strength and the thermal stability properties are improved when different types of nanoparticles, especially ZrO 2 and ZnO, are used. On the other hand, the elongation at break is increased with the addition of these nanoparticles. This increase may be due to the formation of hydrogen bonding which can be easily broken and renders the nanocomposite more ductile rather than pure polymer.
6. An excellent UV-shielding is obtained when PMMA/CeO2 with different types of nanoparticles, which could be used in variety applications such as sunscreens, aerospace, and several fields that related to the UV photodegradation effects.
